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ABSTRACT 
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answers, and an objective test. Included in the appendix are a final 
exaaination, tips on solving industrial waste arithmetic problems, a 
glossary of terms, and an index. (TW) 
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PREFACE TO THE RRST EDITION 
of 

INDUSTRIAL WASTE TREATMENT 



This operations manual is a continuation of the evolution of operator training manuals developed for the US En- 
vironmental Protection Agency by California State University, Sacramento, and the California Water Pollution 
Control Association. As the technology of wastewater treatmem a^ 
profession changes, we strive to keep our training programs current 

An analysis of the subject matter and the users of OPERA770M OF IV^^ 
ume Hi, revealed two distinct categories of operators using this manual to meM 

an operations, maintenance and troutileshooting reference. Operators of industrial wastewater treatment plants 
need a training program that covers t)iological treatment processes as weH as physicalndiemical treatment 
processes. Operators of advanced wastewater treatmem planto 

f erent emphasis. One could argue tSiat both groups could be served t>y a single manual or that two separate man- 
uals could better serve the operations profession. If two separate manuals were to be prepared, how could the 
subject matter be appropriately dMded and/or duplicated in each training program? 

We have accepted this challenge and have prepared two new operator training programs using two new 
manuals, (1) INDUSTRIAL WASTE TREATMENT, and (2) ADVANCED WASTE TREATMENT. INDUSTRIAL 
WASTE TREATMENT covers the importance and responsibiiities of an industrial wastewater treatment plant 
operator. Other topics include the acthrated sludge process, physical-chemical treatment instrumentation, 
industrial waste monitoring, industrial waste treatment processes and maintenance. ADVANCED WASTE 
TREATMENTis a continuation of Volumes I and II of OPERATION OF WASTEWATER TREATMENT PLANTS. AD- 
VANCED WASTE TREATMENT cown the topics of odor control, activated sludge, solids handfing and disposal, 
solids removal from secondary effluents, phosphorus removal, nitrogen removal, wastewater reclamation and 
instrumentation. The decision to leave out the handbig, treatment and disposal of industrial process solids from 
INDUSTRIAL WASTE TREATMENT was a difficult one. The industrial solids problem is serious and highly 
regulated . Since the processes used by many industries are highly specific and specialized , an attempt was not 
made to cover these processes. However, ADVANCED WASTE TREA TMENT contains information on anaerobic 
and aerobic digestion, gravity thickening, centrifuges, chemical stabilization, thermal conditioning, wet oxidation, 
pressure fittralion, belt filter presses, vacuum fittration, composting, incineration and land dispmal. 

Vimenever California Stale University, Sacramento, reprints one of t^ 
updated in accordance with the comments and suggestions received from the operators enrolling in the courses 
which use the manual. While you are reading the material in this Manual, please make notes of questfons and 
areas where you wouM improve the material. By sending your comments and suggestfons to me, operators who 
use the manual in the future will benefit from your experience, knowledge and experience. Thanks. 



Kenneth D. Kerri 
Program Director 
Office of Water Programs 
CSU, Sacramento 
6000 J Street 

Sacramento, CA 95819-2694 
Phone:(916)278-6142 
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PREFACE TO THE RRST EDITION 
OF 

OPERATION OF WASTEWATER TREATMENT PLANTS 



The pmpooes of this home study program are: 

a. to develop quaified treatment plant operators: 

b. toexpandtheab«tiesorexistlngoperatore.pemiittingl)etlar8ervk»tot)othth^^ 
and 

c. topiBfienoftentan lor CERTIFICATION examinations: 



To provide you with Infonnaiion needed to operate wastovvator treatment plaits as efficienlly as possMe. 
experienced plant operatore prepared the material on treatment plant processes. Each dhaptar begm with an 
introduction and then dtocusoes start up. daly operation, jn tetptet a l i on of lab resuNs and poes«)te approaches to 
solving operational proUems. This order of topics was do to miin o d during the testing progran on the basis of 
opeial ore' aa minenis indkating the infonnation they needed most urgently. Addttional chasten discuss mainte- 
nanoe. safsfy. samping. laboratory procedures, hydrauics. records, analysis and presentation of data. «id report 
writing. 

Plant influents (raw wastewater) and the efficiencies of treatment processes vary from plait to plait and from 
location to iocalion. The material contained in thte program is presented to provide you with ai understate 
basic operational aspecte of your plant and with infomiation to help you analyze and solve operaf^nal probtoms. 
This infonnation wi help you operate your plant as effidemiy as possl)te. 

Wastewater treatment is a rapidhr advancing field. To keep pace «vith scientific advances, the material in this 
progran mu4 be periodk»ly revised aid updated. This means tha you. the operator, must recognize the need to 
be aware of naw advances and the need for continuous training beypnd this program. 

Originaly the conoepte for this mawal evolved from Mr. Lany Tnimbul. 1967 Chainnan of the Operator Tra^ 
Committee of the CaMomia Water Polution Control Association. Messre. Bi Dendy aid Kenneth Keni. Project 
Directors, invesiigatod possfoto means of finaicial support to develop and test the manual aid prepared a succ 
ful appicatfon to the FMeral Water POIutfon Control Administratton (5TT1-WP-16^ 
tested by pilol groups of operators and potential operatore. reviewed by oonsuNaite and the FMeral Water 
Administration, and rewritten in aooordanoe wHh the suggestions from theee sources. 

The project dirsclore are indebted to the many operatore and oiha persons who contributed to the rnanual. Eve^ 
effort was made to acknowledge material from the many exoelent references in the wastewater treatment fieM. 
Special thanks are due Messre. John Brady and W»am Crooks wfo both contributed immensely to the n^ 
F J. Ludzack. Chemist. Natnnal Training Center. Environmental Protectfon Agency. Water Quality Offfoe. offered 
many technfoalimprovemente.Anote of thanks is also due ourtypisis. Miss Linda Srnith. Mre.GtoriaUri.Mre.Dayl 
Baamtnen, Mrs. Vicki Sadtom. Mre. Peggy Courtney, wd Mre. Pris Jemigai. llustratK>ne were drawn by Mr. 
Martin Qarily. 

Fbtowing the first yew of use by over 6500 operatore and persons interested in operatfon. minor edi^ 
were necessary to conect typing enore and onM)ns and also to rewrite and expand questions aid sectfons th^ 
oouM be clarified. Improvemento suggestsd by operafore using the maiual were summarized aid forwarded to a 
special Technfoal Advisory Task Force composed of operatore famiiia with the maiual. This Task Force was 
fomted as a atommittee of the Water PMutton Control FMeratton's Personnel Advaice^ 
chM by Mr. Sam Wanington. Wb gratefuly thaik John Brady. Cartos Doyte. Otto Havens. 
Johnson. FJ. Ludzack and Davkl Vandersommen for their effort? to improve our original version. 

Kenneth D. Keni 
Bi Dendy 



1973 



*OM«Mliim«nni*M(kn. An 0Mmnintlk)n mimM$taml by a atM or pmMon^ attocMkm M 
pnh»tk)nalcompalmK».lnnM)ttattmm»(»MOpmw»)rot»plmmM 
anaktahw$im$cmmMk)oi$vokjnia/y.CumntlmHta 
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PREFACE TO THE SECOND EDITION 
OF 

OPERATION OF WASTEWATER TREATMENT PLANTS 



During the ASTVs many people decided that something must be done to control water pollution. The United 
StatM Congress passed the "Federal Water Polution Control Act Amendments of 1972" (PL 92-500) and sub- 
sequent amendments. The objective of this Act is to restore and maintain the quaity of th^ 
to achieve this objective, the Act contains provisions for a financial grant program to assist municipalities with the 
planning, oonstnidion, start up and training of personnel in pubidy-owned wastewater treatment plants. Grant 
funds have been used to build rnany new pitvits to date and many more plants wil be buitt in the future. TheM 
are becoming more oornplex and are requiring operators with higher levels of laiowl^^ 
that the plants produce a high quality effluent 



This manual, OPERATION OF WASTEWATER TREATMENT PLANTS, was used by over 40,000 persons inter- 
ested in the operation of treatment plants during the 1970's. Every year when more manuals wore printed, the 
manual was updated on the basis of oornments and suggestions prodded by persons using the rnanual. Afl^ 
years of use by operators, the authors, the Caifornia Water PoNution Contrd Association, and the U.S. Env^ 
tal Protection Agency (EPA) decided that the contente of the manual shouM be reexamined, updated 
To accompBsh this tesk. EPA prov'ded the Foundation of California State University, Sacrwiento, with a grant to 
conduct the necessary studies, writing and fielJ teste. 



ftocently the U.S. Environmental Protection Agency and the Association of Boards of Certification (ABC) have 
undertaken studtes to document "need to know" tasks perfomied by wastewater treatment ptent operators, skis 
required, aKemative methods of training, training material needs and availability, snd the devetopment of instruo- 
tkmal mtferiate for certifk^tfton exarninations. Every effort has been rnade to incorj^^ 
in this Second Editton of OPERATION OF WASTEWATER TREATMENT PLANTS. 



The project directors are indebted to the nnany operators and other persons who contributed to the Second 
tkm. Material from the many excellent references in the wastewater treatment fiekl has been acknowledged 
whermrer possibto. Joe Bahntok, Ken Hay, AdelakJe UHy, Frank Lapensee, Jack Samson and Bob Rose, U.S. Envi- 
ronmental Prolectton Agency, served ably as resource persons, consuttante and advisers. Special thanks are due 
our project consultante, Mike Mulbarger, Carl Nagel arnj Al Petrasek who provktod techntoal advk:e. Our educatton 
reviewers were George Gardner and Larry Hannah. Christine Umeda and Mariene Itegaki administered the 
nattonal fiekl testing program. A note of thanks was well earned by our typiste Chartene Arora, Elaine Saika and 
Gladys Komweibel. Illustrattons were drawn by Martin Garrity. 



Kenneth O. Kerri 
John Brady 
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USES OF THIS MANUAL 



Originaly this manual was developed to 
iraUe to attend fomial dasaes either due to 8h^ 
This home-study training program used the oono^ 
and iNmfc at yow 0VM1 speed. In Older to cei^ 

test was included at the end of each chapter and the training courae t)ec^^ 
program. 



Onoe operators started using this rnanual for horne study, they realized that 
book in the classroom. Many coleges and universities have used the manual as a text in formal classes often 
taught l>y opsrators. In areas vidiereooleges were not avaiiUe or were unat)le to offer 
wastewater treatment plants, operators and utity agencies joined together to offer their own courses using the 
manual. 

Oocasionaly a utity agency has enroled from three to over 300 of its oper^ 
is purchased for each operator. A senior operator or a group of operator s ara designated as instmctors. These 
operatora help ansiMr questions when the persons in the trairiing 
instnictora grkle the ol)jeclive tests at the end of each chapter, record 
Sacramerito, of the aoores whsn a person succsssfuly oornpletes this program. This a 
whie papers ara tieing graded and returned liy CSUS. 



This manual was prepared to help operators run their treatment plants. Please feel free to use it in the manner 
which l)est fits your traMng needs and the needs of olfier 0 
in developing your training program. Please feel free to contact 



Ken Kerri, Project Diractor 
Office of Water Programs 
Califomia State University, Sacramento 
6000 Jay Street 

Sacramento, Califomia 95819-2694 

Phone (916) 278-6142 
or 278-6366 



INSTRUCTIONS TO PARTICIPANTS 
IN HOME-STUDY COURSE 



Procedures for reading the lessons and answenng the 
questions are contained in this section. 

To progress steadily through this program, you should 
establish a regular study schedule. For exarnple, many 
operators in the past have set aside two hours during 
tHO evenings a week for study. 

The study material is contained in seven chapters. 
Some chapters are longer and more difficult than 
others. For this reason, many of the chapters are 
divided into two or more lessons. The time required to 



Each lesson is aaanged for you to read a short sec- 
tion, write the ariswers to the questions at the end of the 
section, check your answers against suggested an- 
swers; and then yO(/ deckle if you understand the mate- 
rial suffidentiy to continue or whether you shouM read 
the sectkx) again. You will find that this procedure is 
skywer than reading a normal textt)ook, txit you wH re- 
memt)er much more when you have finished the lesson. 

At the end of each chapter, you will find an "otijective 
test" Marie your answers on the special answer sheet 
provkled for each chapter. Some discussfon and rwiew 
questkKis are provkled following each lesson in the later 
chapters. These questfons review the important points 
you have covered in the lesson. 




The ot)iective test at the end of each lesson contains 
true or false, multiple-chofoe, fill-in-the-l)lank, or match- 
the-answers types of questfons. The purposes of this 
exam are to review the chapter and to give experience in 
taking different types of exams. MAIL TO THE PRO- 
GRAM DIRECTOR ONLY YOUR ANSWERS TO OB- 
JECTIVE TFSTS ON THE PROVIDED ANSWER 
SHEETS. 

After you have completed the last ol>jective test, you 
will find a final examinatkMi. This exam is provkted for 
you to review how well you rememt)ered the material. 
You may wish to review the entire manual tiefore you 
take the final exam. Some of the questkxis are essay- 
type questfons whtoh are used tiy some states for 
higher-level certificatfon examinatfons. After you have 
completed the final examinatfon, grade your own paper 
and detennine the areas in whk:h you might need addi- 
tfonai review before your next examinatfon. 



complete a lesson will depend on your t)ackground 
and experience. Some people might require an hour to 
complete a lesson and some might require three 
hours; but that is perfectly all right. THE IMPORTANT 
THING IS THAT YOU UNDERSTAND THE MATERIAL 
IN THE LESSON! 

ERLC 



You are your own teacher in this program. You couM 
merely took up the suggested answers from the answer 
sheet or copy them from someone else, but you wouM 
not understand the material. Consequently, you woukJ 
not be able to apply the material to the operatton of your 
plant nor recall it duri<ig an examinatton for certificatton 
or a civil service positton. 

YOU WILL GET OUT OF THIS PROGRAM WHAT 
YOU PUT INTO IT. 



SUMMARY OF PROCEDURE 



A. OPERATOR (YOU) 

1. Read what you are expected to learn in each 
chapter (from Chapter 2 on, the major topics 
are listed at the beginning of the chapter). 

2. Read sections in lesson. 

3. Write ansiMers to questions at end of sections in 
your notebook. You should write the answers to 
the questions just like you wouM if these were 
questk)ns on a tesL 

4. Check your answers with suggested answers. 



B. PROJECT DIRECTOR 

1. Mans answer sheet for each chapter to operator. 

2. Corrects tests, answers any questkxis, and re- 
turns results to operators. 



5. Deckle whether to reread sectton or to continue 
with the next section. 

6. Write answers to discussk>n and review ques- 
tkHis at the end of lessons in your notebook. 

7. Marie answers to objective test on answer sheet. 

8. Mail material to project director. 

Ken Kerri, Project Director 
Office of Water Programs 
California State University, Saaamento 
6000 Jay Street 

Sacramento, California 95819-2694 



C. ORDER OF WORKING LESSONS 

To complete this program you will have to work all of 
the chapters. You may proceed in numerical order, or 
you may wish to work some lessons sooner. 
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THE INDUSTRIAL PLANT OPERATOR 
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CHAPTER 1. THE INDUSTRIAL PLANT OPERATOR 



This portion of Chapter 1 was prepared especially for the 
new or the potential industrial WAS'mmTER^ treatment 
plant operator. If you are an experienc€id operator, you may 
find some new viewpoints. 



1.0 WHAT IS AN INDUSTRIAL PLANT OPERATOR? 



Before modem society entered the scene, water was 
purified in a natural cyde as shown below: 




SimpSfied natural puriUcation cycle 

But modem society and the intensive use of the water 
resource and the resulting water pollution could not wait for 
sun. wind, and time to accomplish the purification of soiled 
water; consequentiy, municipal and industrial treatment 
plants were buitt. Thus, nature was given an assist by a team 
consisting of de^iigners, builders, and tireatment plant opera- 
tors. Designers and builders occupy the scene only for an 
interval, but operators go on forever. They are the final and 
essential link in maintaining and protecting the aquatic 
environment upon wnlch all life depends. 

1.01 What does an indutlrial Plant Operator do? 

Simply described, ttte operator keeps an industrial 
wastewater tireatment p<ant working. PhysicaHy the operator 
turns valves, pushes switches, collects samples, lubricates 
equipment, reads gages and records data. 

An operator may also maintain equipment and plant area 
by painting, weeding, gardening, repairing and replacing. 
Mentally an operator inspects records, observes conditions, 
makes caknjiations to determine ttiat the plant is working 
effectively, and predicts necessary maintenance and facility 
needs to assure conLioued effective operation of tfie plant. 
The operator also has an obligation to explain to supervi- 
sors, management, dvic bodies, and even the general publk: 
what tiie plant does, and most importantfy, why the industry 
and Its facilities are vital to the welfare of the community. 

1.02 Who does the IfKkislffal Plant Operator work for? 

An operator's paycheck comes from the industry whk^h 
empk>ys the operator. As an operator you are responsible to 



your emptoyer fbr maintaining an economtoally and effk:ient- 
ly operating facility. An even greater obligation rests with the 
operator because the great numbers of people who rely 
upon downstream water supplies are totally dependent 
upon the operator's competence and trustwcdhinees for 
their welfare. In the final analysis, the operator is realty 
working for these vitally affected downstream water users. 

1.03 Where does the Intfutlrial Plant Operator woftc? 

Obviously the operator works in an industiial treatment 
plant. But the different types and focations of treatment 
plants offer a wkJe range of working conditione. From the 
mountains to the sea, wherever people congregate into 
communities, industiial tireatment plants wilt be found. From 
a unit process operator at a complex industrial facility to a 
one-person manager of a small pretreatment facility, you 
can select your own special place in industrial plant oper- 
ation. 

1.04 What pay can an Industrial Plant Operator expect? 

In dollars? Prestige? Job satisfaction? Community ser- 
vice? In opportunities for advancement? By whatever scale 
you use, retums are what you make them. If you choose a 
large industry, the pay is good and advancement prospects 
are tops. Choose a small facility and pay may not be as 
good; but job satisfaction, freedom from time-ctock hours, 
servk^e, and prestige may well add up to outstanding per- 
sonal achievement. Total reward depends on you. 




The operator's duties 



1.05 What does n take to be an Industrial Plant Operator? 

Desire. First you must choose to enter this professton. 
You can do it with a grammar school, a high school, or a 
college education. While some jobs will always exist for 
manual labor, the rea and expanding need is for TRAINED 
OPERATORS, New technk)ueo, advanced equipment, and 
increasing instiumentation require a new breed of operator. 



^ Was f water. 77»e used water and aoUds tram an induatryora community that flow to a treatment plant Storm water, aurface water, and 
groundwater Infiltration also may t)e IncluJed In tha wastewater that enters a plant. Tha term ''sewage" usually refers to household 
wastas, but this word Is being replaced by the term 'wastewater." 



16 



M Y^^^A^M^aMft ^* 



one w»io to wWing to learn today, and gain tomorrow, for 
surely your industrial plant wM move towards newer and 
more effective operating procedures and trsatment pro- 
cesses. Indeed, the truly service-minded operator assists in 
adding to and improving the plant performance on a continu- 
ing l>asto. ^ 




Tomonow'a fofgotten operator stopped teeming yeeierdey 

You can be an industrial operator tomorrow tyy t)eginnlng 
your learning today; or you can be a better operator, ready 
for advancement, by accelerating your learning today. 

Thie training course, then, is your start towards a better 
tomorrow, both for you and for the industry and public who 
wi receive better water from yotjr efforts. 



QUESTIONS 

Place an *X by the correct answer or answers. After you 
have ana w orod aM the questions, check your answers with 
those given at the end of the chapter on page 8. Reread any 
eecHons you did not understand and ttien proceed to the next 
eection. You are your own teacher in this training program, and 
YOU should decide when you understand the material and are 
ready lo continue with new material. 



EXAMPLE 

This to a training course on 

A. Aooounting 

D. cngmeervig 

^ C. Industrial Treatment Plant Operation 

D. Salesmanship. 



1.0A. Wastewater is the same thing as: 

A, Rain 

B. Soi 

C. Sewage 

D. Condensation. 

1.0B. What does an industrial operator do? 

A. CoHect samples. 

B. Lubricate equipment 

C. Record data. 

1 .OC. Who employs Industrial Plant Operatora? 

A. Ottos. 

B. Sanitation dtotricts. 

. mauswiec. 
Check your answers on page 8. 



1.1 YOUR PERSONAL TRAMMQ COURSE 

Beginning on thto page, you are embarking on a training 
course which has been carafully prepared to altow you to 
improve your knowledge of and ability to operate an Industri- 
al wastewater treatment pi&n^ You will be able to proceed at 
your own pace; you wiH have an opportunity to leam a littto 
or a k>t about each topk:. The course has been prepared this 
way to fit ttievarkxjs needs of operatora. depending on what 
kind of plant you have or how much you need to leam about 
it. To study for certiflcatkm examinations, you wHI have to 
cover all the material. You win never know everything about 
your plant or about the wastewater which fk>ws through it. 
but you can begin to answer some very important questions 
about how and when certain things happen in the plant. You 
can also leam to manipulate your plant so that it operates at 
maximum efficiency. 

1^ WHAT DO YOU ALREADY KNOW? 

If you already have some experience operating an indus- 
trial wastewater treatment plant, you may use the first 
chapter Ibr a review. If you are relatively new to the Industrial 
wastewater treatment fieM. tttto chapter will provkle you witii 
important background information. The remainder of this 
introductory chapter describes your role as a PROTECTOR 
OF WATER QUAUTY. your QUAUFICATIONS to do your 
job. a little about manpower needs in the Industrial 
wastewater treatment fiekf. and some information on other 
TRAINING OPPORTUNITIES. 

1J THE WATER QUALITY PROTECTOR: YOU 

Historicaly Americans have shown a great lack of interest in 
the protection of their water reeources. We have been content 
to thirik that "Ihe solution to poNution to dilution." For yeara we 
were abte to dump our wastes with littto or no treatment t>ack 
into ttie nearest RECEIVING WATERS.^ As long as ttiere was 
enougti dMion waler to flbeorb ttie waste material, natura look 
cara of our dtopoeal problems for us. As nriora and more towns 
and industry sprang up. waste loads increased untN the natural 
purification prooe ss s s could no tonger do ttie job. Many water- 
ways were converted into open eewera. Unfortunately, for 
many areae thto did not sigfial the beginning of a dean-up 
campaign. It merely increesed ttie frequency of ttie cry: ''We 
don't have the money for a treatment pUvit," or the ever- 
popular. "H we nuto industriee treat ttieir wastes they wiH 
move to anottier stale." Thus, the poNution of our waters in- 
creased. 




MMsr quality protector 

Within the last few years, we have seen many changes in 
this depreesing pichire. \Ne now reattze that we must give 
nature a hand by treating wastee before they are dis- 
charged. Adequate treatment of wastes wiH not only protect 
our heatth and that of our downstream neighbors; it can also 
increase property vakjes. aSow game fishing and varkxis 
recreational uses to be erijoyed. and attract water-using 
industries to ttie area. Today we are seeing massive efforts 
being undertaken to control water pdkition and bnprove 
water quality ttiroughout the nation. Thto inckides the efforts 
not only of your own Industry, community, county and state, 
but also the federal government 
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GfMt sums of piMc and private fiMKlB aie now bev^ in- 
vested in large, complex municipal and industrial wastewater 
treatment facMiee to ovsioome tliis polution; and you. ttie 
treatment plam operatorA-l play a key role in the l)attie. 
out efficient operation of your plant, much of the research, 
planning, and t)uldkig that has lieen done and wM l)e done to 
accomplish the goels of wator qualty oontrolln your area win 
b» wasted. You are the diffsrenoe l)etween a teclity and a 
perfomiing unit You are. in tect a WATER QUAUTY PRO 
TECTOR on the front line of the water polution t>attle. 
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FMuCtofi 

The receiving water qurfty standard s and waste dtecharge 
requirernente that your plant has l)een tMik to rneet have l)een 
formulated to PROTECT the water users downstream from 
your plant Theee uses may include domestic water supply, 
industrial wator supply, agricultural water supply, stock obxl 
wiL*lfe watering, propagation of fish and other aquatic and 
rnarine life, sheWish culture. SMfirnrning and oth^ 
sporte. t)oating, esthetic erijoyment, hydroelectric power, navi- 
gatton, and olhere. 

Therefore, you have an ot)ligatk)n to the users of the water 
downstream, as weN as to the peopte of your district or 
munk:ipality and industry. You are the KEY WATER QUAL- 
ITY PROTECTOR and must realize that you are in a respon- 
sibte positton. 

QUESTIONS 

Write your answere in a notet)ook and then compare your 
answere with those on page 8. 




13A Why must rnunk:ipal and industrial wastewaters receive 
adequate treatoient? 

13B How dkl many receiving watere l)ecome poRuted? 

1.4. YOUR OUAUFICATIONS 

The skiN and atiility required for your job depend to a large 
degree on the size arxj type of treatment plant where you are 
emptoyed. You may work at a large modem treatment plant 
treating several oomptex industrial wastestreams and em- 
ptoying ten or more operators. In tfils case you are prolMibly 
a spedaKst in one or more phases of the treatment process. 

On the otfier hand, you may operate a small plant or 
pretreatment facility. You may be the only operator at the 
plant or, at best, have only one or two addittonal emptoyees. 
If this is the case, you must be a "jack-of-aN trades' because 
of the diversity of your tasks. 

1^1 Your Job 

To describe the operator's duties, let us start at the 
beginning. Let us say that the need for a new or improved 
wastewater treatment plant lias tortg t>een recognized tyy 
your industry. The industry has aitocated the fimds to 
finance the project, and the consulting engineere have 
sutKnitted plans and spectfcattons. Itistothebestintereste 
of ttie irKftJStry and the consulting engineer ttutt you be in on 
the ground ftoor planning. If it is a new plant, you shoukJ be 
present or at least availat>te during the constructton period in 
order to become completely f amifiar with the entire plant, 
including the equipment and machinery and their operation. 
This will provkte you with the opportunity to relate your plant 
drawings to actual facilities. 

You and the engineer shoukJ discuss how the treatment 
plant shoukt best be run and the means of operatton the 
designer had in mtod wfien the plant was designed. If it is an 
okJ plant being renKXteled, you are in a pottitton to offer 
excellent advk» to the consiilting engineer. Your expertence 
provktes valuabte technical knowledge concerning the char- 
acteristtos of wastewater, ite sources, and the Kmitattons of 
the present facilities. Together with the consultant, you are a 
member of an expert team abte to advise the indiMtry. 

Once tfie plant is operating, you become an admin i stra to r. In 
a smal plant your duties may not inchide superviskxi of per- 
sormel, t)ut yw are stiN in charge of records. You are reaper)^ 
bte for operatkig the plant as effk:iently as possi)te, keeping 
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mM that the prifnary objediw 

qualty t)y continuous and efficient plant performance. Without 
adequate. teHabb records of every phase of operation, the 
effectiveness of your operation has not been documented (re- 
corded). 

You rnay also be the budget administrator. Most certainly 
you are in the best poflMon lo give advice on buc^ require- 
ments, management prot>lems. and future planning. You 
should be avifare of the necessity for additional expenStures. 
inckJding funds for plam enlargeoient, equiprnem rep^ 
and laboratory requiiernents. You should recognize and define 
such needs in sufficient time to inform tfie proper officials fo 
enable them to accompMsh early planning and budgeting. 

You are in the field of public relations and must be able to 
explain the purpose and operation of your plant to visitors, 
civic organizations, school classes, representatives of news 
media, and even to city council or managers and directors of 
your industry. Public interest in water quality is increasing, 
and you should be prepared to conduct plant tours that will 
contribute to public acceptance and supixxt A welt-guided 
tour for officials of regulatory agencies or otfier operators 
may provided these people with sufficient understanding of 
your plant to aHow them to suggest helphjl solutions to 
operational problems. 
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Specif care and safety must be practiced when visitors are 
taken through your tieaiment plant. An accident couid spoilt 
of your pubHc rotations ettbrts. 

The appearance of your plant indicates to the visitor the 
type of operation you maintain. If the plant is dirty and 
rundown with tools and litter scattered about, you will be 
unat)l6 to convince your visitors that ttie plant is doing a 
good job. YOUR RECORDS SHOWtNG A HIGH-QUALITY 

effluenP will mean nothing to these visiting 
citizens and officials unless your plant ap- 
pears clean and well-maintained and the efflu- 
ent looks good. 

Another aspect of your public relations duties is your deal- 
ings with the downstream water user. Unfortunately, the 
operator is often considered by the downstream user as a 
poluler rather than a water quality protector. Through a good 
pubic infonnalion program, backed by facts supported by reli- 
able data, you can correct the impression held by the 
downstream user and establish "good neighbor" relations. 
This is indeed a chalenge. Again., you must understand that 
you hold a very responsi)le pc^tion and be aware that the sole 
purpose of the operation of your plant is to protect the 
downstream user, be that user a private property owner, 
another city or disWct, an industry, or a ffshennan. 

You are required to understand certain laboratory proce- 
dures in order fo conduct various tests on samples of wastewa- 
tsf and receiving waters. On the basis of the data obtained 
from these tests, you may have to adHist the operation of the 
trt^ment plant fo meet stream standards or discharge re- 
quirements. 

As an operator you must have a Icnowledge of the compli- 
cated mechanicaJ principles involved in many treatment 
mec ha nism s . In order to measure and control the wastewater 




CleanSlream 

flowing through the plant, you must have some understanding 
of hydraulics. Practical knowledge of electrfoal motors, cir- 
cuitiy. and controls is also essential. 

Safety is a very important operator responsibifity. Unfortu- 
nately too many operators take safety for granted. This is one 
reason why the wastewater treatment industry has one of the 
worst safety reoords of any industry, you have tfie rasponsfoil- 
ity to be sure that your treatment plant is a safe place to work 
and visit Everyone must foOow safe procedures and under- 
stand why safe procedures must be foHowed at aN times. All 
operators must be aware of the safety hazards in and around 
treatment plants. You shouU plan or be a part of an active 
safety program. Chief operators frequently have the responsi- 
bilfty of training new operators and shouM encourage all 
operators to become certified. 

Clearly then, the nxxfom day industrial treatment plant 
operator must possess a t>road range of qualificatfons. 

QUESTIONS 

Write your answers in a notet)ook and then compare your 
answers with those on page 8. 

1.4A Why is it important that the operator be present during 
the constructfon of a new plant? 

1 .4B Mow does the operator become Involved In put>fic rela- 
tfons? 




1^ MANPOWER IKE08 AND FUTURE JOB 
OPPORTUNITIES 

The industrial treatment fiekl. like so many others, is 
changing rapidly. New plants are being constructed, and ofo 
plants are baing rrKxMied and enlarged to handle the 
wastewater from our growing populatfon and to treat the 
new chemicals being produced by our space age technol- 
ogy. Operators, maintenance personnel, foremen, mana- 
gers, instrumentatfon experts, and laboratory technicians 
are sorely needed. 



* BIkmt Wss l ew st er or other liquid - raw, partiaUy or completely tremed - flowing FROM a t)a»in, treatment proceu , or treatment plant. 
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A look at post ra(X)rds and ftjttjre precfic^^ 
wastewatar treatmem is a rapidly grov^ 
employad approximataly 20,000 operators in 1967 and over 
67,000 oparators in 1974. industry employad ^iproxmiately 
3,500 operators in 1967 and around 12,000 plant operators t>y 
1972/ In 1980 73,600 parsons were ennployod in the 
wastewater treatment field and ttie need for new operators 
was estimated at 5,000 per year for every year up to the year 
2000.' A report to Congress* in 1985 estimated that there 
were over 105.000 operators in the United States. The neeC 

for t^ained operators is increasing rapidly and is expected to 
continue in the future. 

ij6 trammq yourself to meet the needs 

This training course is not the only one availat)le to help 
you improve your abilities. The states have offered various 
types of both long- and shorMerm operator training through 
their health depadments or water pohition control associ- 
ations have provided training classes conducted t>y mem- 
bers of the associations, largely on a volunteer basis. State 
and local coleges have provided valuable training under 
their own sponsorship or in partnership with others. Many 
state, local and private agencies have conducted both long- 
and short-term training as wei as interesting and infonnative 
seminars. The Caifomia Water Pdiution Control Associ- 
ation as prepared two textbooks, one on laboratory proce- 
dures and one on matfiematics. 

Listed below are several very good references in the field of 
wastewater treatment plant operation that are frequently re- 



fened to throughout this course. The name in quotes repre- 
sents the temn usually used by operators when they mention 
the reference. Prices listed are those available when this man- 
ual was published and will probably increase In the future. 



1. -MOP 1ir OPERATION OF WASTEWATER TREAT- 
MENT PLArrrs. WPCF Manual of Practice No. 1 1 . Publi- 
cations Order Department, Water Pollution Control Fed- 
eration, Order No. M0012 OHO. Price $29.00 to members; 
$37.50 to others. 



2. "NEW YORK MANUAL" MANUAL OF INSTRUCTION 
FOR WASTEWATER TREATMENT PLANT OPERA- 
TORS, distributed in New Yoric by the New Yoric State 
Department of Health, Office of Public Health Education, 
Water PoHution Contro* Board. Distributed outside of 
New Yoric State by Heaim Education Service, P.O. Box 
7126, Albany. New Yorit 12224. Price $6.60. 



3, "TEXAS MANUAL." MANUAL OF WASTEWATER 
TREATMENT, prepared by Texas Water Utiltties Associ- 
ation. Obtainable from Texas Water Utilities Association, 
6521 BiffT>et Lana. Austin, Texas 78757. Price $18.00, 
plus $1.15 postage. 



These pubficabons cover the entire field of treatment plant 
operation. At the end of many of the chapters yet to come, fists 
of otfier references win be provided. 




SSL2222^^ •Mar.poiw and Training Needs in Water Pollution Contrd." Report oi the 

Senate Document No. 49, 

aOihCnnn^^ PM^^ iMi^^p^i.^ 1967andfm 'Study Of Mu,ik:ipel Wastewater Trea^ 

i)eration$ DMaion, OfHoe of Water Program Operations, US. Environmental Protection 



90th Congress, First Session, Washington, ac. 

Needs and Resourcss," Municipal Pmmtamtd Operations 
Agency, Washiytan, D.C.. 1974. 

* f!2!i2^ rrart^ and Co^ecHon Systems Idr the Years 1 990-2000. " Paper presented at the 

Third Annual NETA National Conhrence and Workshop. Seettle. Washington, August 11, 1981. 

i72^ ^^^^^^^^^ Tra*!*!^ for Operators of Publicly Owned Wastewater Treatment Plants. " Office of Municipal Pollution Control, 
U.$. Environmental Protection Agency, Washington, DC 20400, retmary 1985. 
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SUGGESTED ANSWERS 



Ctwptorl. THE INDUSTRIAL PLANT OPERATOR 



You are not expected to have the exact answer suggested 
for questk)ns requirmg written answers, txit you should have 
the correct idea. The numt)enng of the quMtions refers to 
the section in the manual wtiere you can find the Information 
Id answer the questions. Answers to questions numbered 
1.0 can be found in Section 1.0, What Is an industrial Plant 
Operator? 

Answers to questions on page 4, 
1.0A. C 
1.0B. A.B,C 
1.0C. C 

Answers to questions on page 5. 



1.3A. Municipal and industrial wastewaters must receive 
adequate treatment to protect receiving water users. 

1.3B. Receiving waters became poNuted by a lack of pubic 
concern for the impact of waste discharges and by 
discharging wastewater into a receiving water beyond 
its natural purification capacity. 

Answers to questions on page 6. 

1.4A The operator should t)e present during the construction 
of a new plani in order to become famiiar with the plant 
tietore the cpatalor tiegins operating it 

1.4B The operator becomes involved in pubic relations by 
ex pla ining tfie purpoee and operation of the plant to 
visitors, civic organizations, newspaper people, and 
supervisnrs. 



DIRECTIONS FOR WORKING OBJECTIVE TEST 



Chapter 1. THE mOUSTMAL PLANT OPERATOR 



1. You have been provided with a special answer sheet for 
each ctapler. Be sure you follow the spedai directions pro- 
vided with the answer sheets. If you lose an answer sheet 
or have any problems, please notify ttw Pioiect Director. 

2. Mark your anewers on the answer sheet with a dartc lead 
pencil. Do not use ink. 

For example. Question 2 has three correct answers (1, 2 
and 3). Therefore, you should place a inarK under Columns 
1 , 2 and 3 on tfie answer sheet. 

Questions 4 through 7 are true or false questions. If a ques- 



tion is true, then inark Ck)lurnn 1, and if false rnark Cokjrnn 
2. The correct answer to Question 4 is true; tfierefore, place 
a mark in Column 1. 

Please mark your answers in your workbook for your record 
b3cause answer sheets wi not be retumed to you. 

3. Mail answer sheet to the Protect Director inrirnedialely after 
you have c o mp toto d the test 

4. Answer sheets may be foMed (but not into more than 3 
equal parts) and mailed in a 4 x standard whito en- 
velope. 
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IMPORTAIIT DIRECnONS FOR MARKING ANSWERS 

Um Uack lead pencil only ( # 2 or softer). 
Make heavy Mack marks that fill the drde completely. 
Erase dearly any answer you wish to change. 
Make no stray marks on this answer sheet 



1. MULTIPLE CHOICE QUESTIONS: Fill in the 
correct answers, h 2 and 3 are correct for 
question 1, mark: 



EXAMPLE 



1 2 
1© 



3 4 5 

OO 



TRUE-FALSE QUESTIONS 
ttw circle in column 1 : if fal 
If question 3 is tnie, mark: 
1 2 3 4 5 
3#®O0O 
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10 TiMliMiit Ptants 



OBJECTIVE TEST 

Chaplarl. THE INDUSTRIAL PLANT OPERATOR 



Please mark correct answers on the answer sheet. There 
may be more than one correct answer to each question. 

1. The used water and soKds from a community that flow to a 
Heatmem plant are caNed ? 

1. Effluent 3. Sludge 

2. Mixed Liquor 4. Wastewater 

2. Receiving waler uses protected t)y an operator include 

1. Boating. 3. Fishing. 

2. Drinking water supply. 4. None of these 

3. VimatklTKls of K>te are availat)le in the industrial treatmem 
liekJ in addWon to those available for operators? 

1. Foremen 

2. Insliunenlation experts 

3. Laboratory technicians 

4. Maintenance personnel 

5. Manager 



TRUE OR FALSE: 

4. In many treatment plants the operator must be a "jack-of- 
aH-trades." 

1. Tme 

2. False 

5. A treatment plant operator is a WATEHOL/AL/TY protector. 

1. Tnje 

2. False 

6. Plant visitors are impressed by records showing effk:ient 
plant operatkxi, and their opinkxis are never influenced by 
the appearance of tne plant and grounds. 

1. Tme 

2. False 

7. After finishing this program, an operator wiH need to con- 
tinue to study in order to keep pace with changes occumng 
inthefiekJ. 

1. True 

2. False 



END OF OBJECTIVE TEST 
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CHAPTER 2 



ACTIVATED SLUDGE 

Pure Oxygen Plants and Operational Control Options 

by 

Ross Gudgel 
and 

Larry Peterson 



OPERATION OF WASTEWATER TREATMENT PLANTS 

Volume I, Chapter 8 
Package Plants and Oxidation Ditches 



OPERATION OF WASTEWATER TREATMENT PLANTS 

Volume II, Chapter 11 
Operation of Conventional Active.ced Sludge Plants 
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INDUSTRIAL WASTE TREATMENT 
OBJECTIVES 
Chapler2. ACTIVATED SLUDGE 

Pure Oxygen Plants and Operatk)nal Control Optk>ns 

Folk>wing completkm of Chapter 2, you shoukJ be at)le to: 

1. Safely operate and maintain a pure oxygen activated 
sKidge plant, 

2. Review the plans and 8pecifk:atk)ns for a pure oxygen sys- 
tem, 

3. Describe the various methods of detennining return sludge 
and waste sludge rates and select the best method for your 
plant, 

4. Operate an activated sludge process that must treat both 
munk:tpal and industrial wastes, 

5. Operate an activated sludge process that must treat strictly 
an industrial waste, and 

6. Operate an activated shidge process to produce a nitrified 
effhjent. 
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GLOSSARY 

Chapter 2. ACTIVATED SLUDGE 



ABSORPTION (ab-SORP-8hun) ABSORPTION 

Taking in or soaking up of one substance into the body of anotfter by molecular or chemicai actk>n (as tree roots absorb dissolved 
nutrients in the soU). 

ACTIVATED SLUDGE (ACK-ta-VATE-ed skjj) ACTIVATED SLUDGE 

Skidge partk:les produced in raw or settled wastewater (primary effluent) by the growth of organisms (including zoogleal bacteria) in 
aeration tanks In the presence of dissolved oxygen. The term "activated" comes from the fact that the particles are teeming with 
bacteria, fungi, and prolozoa. Activated sludge is different from primary skidge in tfiat the skidge partk:les contain many living 
organisms which can feed on the incoming wastewater. 

ACTIVATED SLUDGE PROCESS (ACK-ta-VATE-ed sluj) ACTIVATED SLUDGE PROCESS 

A bk)k>gk:al wastewater treatmem process whk:h speeds up the decompositk^ 

skidge is added to wastewater and the mixture (mixed Ik^uor) is aerated and agitated. After some time in the aeratkxi tar^ the 
activated skidge Is alkiwed to settle out by sedimentatkxi and is deposed of (wasted) or reused (relumed to the aeratkm tank) as 
needed. The remaining wastewater then undergoes more treatment. 

ADSORPTION (add-SORP-shun) ADSORPTION 
The gathering of a gas, ttqukJ, or dissolved substance on the surface or interface zone of another substance. 

AERATION UQUOR (air-A-shun) AERATION LIQUOR 

Mixed liquor. The contents of the aeratx)n tank including living organisms and material carried into the tank by either untreated 
wastewater or primary effluent. 

AERATION TANK (air A-shun) AERATION TANK 

The tank where raw or settled wastewater is mixed with reUjm sludge and aerated. The same as aeratkxi bay, aerator, or reactor. 

AEROBES AEROBES 
Bacteria that must have molecular (dissolved) oxygen (DO) to survive. 

AEROBK; DKSESTKM (AIR-O-bk*) AEROBIC DIGESTK)N 

The breakdown of wastes by mk:roorganisms in the presence of dissolved oxygen. Waste sludge is placed in a large aerated tank 
where aerobk: mk:roorganisms decompose the organk: matter in the sludge. This is an extension of the activated sludge process. 

AGGLOMERATION (a-GLOM-er-A-shun) AGGLOMERATK}N 
The growing or coming together of small scattered partk:les into larger floes or particles whk^h settle rapkJIy. Also see FLOC. 

AIR LIFT AIR LIFT 

A special type of pump. This devce consists of a vertk:al riser pipe submerged in the wastewater or sludge to be pt^nped. 
Compressed air is injected into a tail piece at the bottom of the pipe. Fine air bubbles mix with the wastewater or sludge to form a 
mixture lighter than the surrounding water whk:h causes the mixture to rise in the discharge pipe to the outlet. An air-lift pump works 
similar to the center stand in a percolator coffee pot. 

ALIQUOT (AL-li*kwot) ALIQUOT 
PortkHi of a sample. 

AMBIENT TEMPERATURE (AM-bee-ent) AMBIENT TEMPERATURE 

Temperature of the sunoundings. 

ANAEROBES ANAEROBES 
Bacteria that do not need molecular (dissolved) oxygen (DO) to sun<ive. 
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BACTERIAL qULTURE (bick-TEAR^al) BACTERIAL CULTURE 

in the case of aclh^atad skxHie. the t>actBrW 
which covers a wide range of ofganiems. 

carlxNfiaoeoiie (caiton compounds) BOO. Facultative organisms can live when oxygen resources are low. When "nitrification" is 
required, the nitrifying organ i sms are OBLIGATE AEROBES (require oxygen) and must have at least 0.5 mg/L of dissolved oxygen 
throughout the whole system to function, properly. 

BATCH PROCESS BATCH PROCESS 

Atr eelrnent process in which a tanic or reactor is filled, the 
Vie process repeated. 

BENCH SCALE ANALYSIS BENCH SCALE ANALYSIS 

Amelhod of studying dtfferent ways of treating wastewater and solids on a small scale in a laboratory. 

BIOMASS (BUY-o4iMSS) BIOMASS 

A mass or dump of Kving organisms feeding on the wastes in wastewater, dead organisms and other debris. This mass may be 
formed for, or function as, the protection against predators and storage of food supplies. Also see ZOOGLEAL MASS. 

BUU(iNG (BULK-ing) BULKING 

Clouds of blowing sludge that occur throughout secondary darifiers ^ 
wM not settle properly. 

CATHODIC PROTECTION (ca-THOD-fck) CATHODIC PROTECTION 

An e loctri c d system for prevention of nist, corrosion, and pitting of sted and 

CiUATES (SILLY-ates) CILIATES 
A dass of protozoans dMnguished by short hairs on all or part of their bodies. 

COAGULATION (ko-AGG-you-LAY-shun) COAGULATION 

The use d chemicals that cause very fine particles to dunip together into larg^ 
from the iquids by settling, skimming, and draining or fiKering. 

COMPOSITE (PROPORTIONAL) SAMPLE (com-POZ-it) COMPOSITE (PROPORTIONAL) SAMPLE 

Acomposite sample is a coNectkm d Individual samples obtained at regular intenrals, usually every one or two hours during a 
244iour tinfie span. Each IndivMud sample is combined with tt^ 
resulting nrwdura (conposite sample) forms a represeritative sample and 



CONING (CONE-ing) CONING 

Oevetopment d a cone-shaped fk>w d MqukJ, like a whirlpod, through sludge. This can occur in a sludge hopper during skidge 
withdrawal when the skjdge becomes too thick. Part d the sludge remains in place while ik|uld rather than sludge ftows out d the 
hopper. Also caled "coring." 

CONTACT STABILIZATION CONTACT STABILIZATION 

Contact stabiKzatfon is a modificatfon d the oonventkxial activated shjdge process. In contact staMizatkKi, two aeratkxi tanks are 
used. One tank Is for separate re-aeratfon d the retum sludge for at least four hours bdore it is pemnitted to fk>w into the other 
asraifon tank to be mixed with the primary effkjent requiring treatment 

CRYOGENIC (Cfy-o-JEN-nk:k) CRYOGENIC 
Ijow temperature. 

DENITRFICATION DENITRIFICATION 

A condWon that occurs when n itrite or nitrate kxis are reduced to n Itrogen gas and bubbles are f omied as a result d this process. 
The bubbles attach to the bfofogteal fk)cs and ftoat the ffocs to the surface of the secondary darifiers. This conditkKi is often the 
cause d rising skJdge obeerved in secondary darifiers. 

WFFUSED-AIR AERATION DIFFUSED-AIR AERATION 

A dMfueed air activated skjdge plant takes air, compresses It, and then discharges the air bdow the water surface d the aerator 
through some type d ak dHfuskxi devtoe. 

DIFFUSER DIFFUSER 
A device (porous plate, tube, bag) used to break the air stream from the btower system into fine bubbles in an aeratkKi tank or 
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DISSOLVED OXYGEN DISSOLVED OXYGEN 

Molecukar oxygen dissolved in water or wastewater, usually abbreviated DO. 

ENDOGENOUS (en-DODGE-enms) ENDOGENOUS 

A reduced level of respiration (breathing) in wtiich organisms break down compounds within their own cells to produce the oxygen 
they need. 

F/M RATIO F/M RATIO 

Food lo microorganism ratio. A measure of food provided to bacteria in an aeration tank. 

Food ^ BOD, tos/day 
MKfOOfganisms MLVSS, be 

^ Ftow, MGD X BOD, mg/L x 8.34 lbs/gal 
Vokjme, MG x MLVSS, mgIL x 8.34 lbs/gal 
or ^ BOO, k^day 
MLVSS, kg 

FACULTATIVE (FACK-ul-TAY-tlve) FACULTATIVE 

Facultative bacteria can use either molecular (dissolved) oxygen or oxygen obtained from food materials such as sulfate or nitrate 
ions. In other words, facultative bacteria can live under aerobk: or anaerobk: oonditkxis. 

FILAMENTOUS BACTERIA (HLL-a-MEN-tuss) FILAMENTOUS BACTERIA 

Organisms that grow in a thread or filamentous form. Common types are thk>thrix and actinomycetes. 

FLIGHTS FLIGHTS 

Scraper boards, made from redwood or other rot-resistant woods or plastk:, used to collect and move settled skJdge or ftoating 
scum. 

FLOC FLOC 
Groups or dumps of bacteria that have come together and formed a cluster. Found m aeratkxi tanks and secondary darifiors. 

FLOCCULATION (FLOCK-you-LAY-shun) FLOCCULATION 
The gathering together of fine paftk:les to fcKm larger partk:les. 

FOOD/MICROORGANISM RATIO FOOD/MICROORGANISM RATIO 

Food to microorganism ratk). A measure of food provktod to bacteria in an aeratk>n tank. 

Food ^ BOD, lbs/day 
Microorganisms MLVSS, lbs 

^ Ftow, MGD X BOD, vng/L x 8.34 lbs/gal 
Vokime, MG x MLVSS, wg/L x 8.34 lbs/gal 
or ^ BOD, kg/day 
MLVSS, kg 
Commonly abbreviated F/M Ratto. 

HEADER HEADER 
A large pipe to whk:h the ends of a series of smaller pipes are connected. Also called a "manifokJ." 

INTERFACE INTERFACE 
The confwnon boundary layer between two flukls such as a gas (air) and a lk|ukj (water) or a Ik^ukj (water) and another KqukJ (oH). 

MCRT MCRT 

Mean Cell Resklenoe Time, days. An expresston of the average time that a mk:roorganism will spend in the activated shxlge 
process. 

MCRT, days SoMs in Activated Skidge Process, lbs 
Solkto Removed from Process, lbs/day 

MLSS MLSS 
Mixed Lk|uor Suspended SoUds, mg/L. Suspended soMs in the mixed Kquor of an aeratton tank. 
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MLV8S MLVSS 

Mbced Liquor Volatile Suspended Solids. mg/L . The organic or volatile suspended solids in the mixed liquor of an aeration tank. This 
volilile portion is used as a measure or indication of the microorganisms present. 

MANIFOLD MANIFOLD 
A large pipe to which the ends of a series of smaller pipes are connected. Also called a "header." 

MEAN CELL RESIDENCE TIME (MCRT) MEAN CELL RESIDENCE TIME (MCRT) 

An exprearton of the average tinne that a nnicroorganism will spend in the activated sludge process. 
Mf!flT, Aiyy = Solids in Activated Sludge Process, H» 
Solids ReiTOved firom Process, lbs/day 

MECHANICAL AERATION MECHANICAL AERATION 

The use o f machin ery to mix air and water so that oxygen can be atisortied into the water. Some examples are: paddle wheels, 
mixers, or rotating brushes to agitate the surface of an aeration tank; pumps to create fountains; and pumps to discfiarge water 
down a series of steps forming Ms or cascades. 

MICROORGANISMS (micro-ORGAN-is-unfis) MICROORGANISMS 

Very smaM organisms that can be seen only through a mkmscope. Some mk:roorganisms use the wastes in wastewater for food 
and thus remove or alter much of the undesirable matter. 

MIXED LIQUOR MIXED UQUOR 

VVhen the aclivaled sludge in an aeration tank is mixed witti prirnar^ 

then referred to as mixed liquor as tong as it is in the aeration tank . Mixed Ik^uor also may refer to the contents of mixed aerobic or 



MIXED UQUOR SUSPENDED SOLIDS (MLSS) MIXED UQUOR SUSPENDED SOUDS (MLSS) 
Suspended sofids in the mixed Mquor of an aeration tank. 

MIXED UQUOR VOLATILE SUSPENDED SOUDS MIXED LIQUOR VOLATILE SUSPENDED SOUDS 

(MLVSS) (MLVSS) 

The organic or volatile suspended sotids in ttie mixed Ik^uor of an aeration tank. This volatile portion is used as a measure or 
iTKlcalion of the microorganisms present 

MOVING AVERAGE M0VII«3 AVERAGE 
To calculale the moving ararage for the last 7 days, add up the values for tt^ 

rsoem day to the sum of values and subtract ttieokJest value. By using the 7Hl£^nr^ e^di day of the week is always 
ro pr o s on ted in the cateulations. 

NITRIFICATION (NYE-tri-fH<AY-shun) NITRIFICATION 

A process in which bacteria change the ammonia and orgarac nitrogen in wastewater into oxkJized nitrogen (usuaNy nitrate). The 
second-stage BOD is sometimes referred to as ttie "nitrifk:ation stage" (first-stage BOD is called the "carbonaceous stage"). 

OXIDATION (ox4-DAY-shun) OXIDATION 

Qxkiation is tfie addition of oxygen, removal of hydrogen, or the removal of electrons from an element or compound. In wastewater 
treatment organk: matter is oxkJized to more stable substances. The opposite of REDUCTION. 

POLYELECTROLYTE (POLY-electro-«ght) POLYELECTflOLYTE 

A high-molecular-weight substance that is fonned by eitiier a natural or synthetic process. Natural polyelectrolytes may be of 
bk)k)gk»l origin or derived from starch products. celkJk>se derivatives, and alignates. Synthetic polyelectrolytes consist of simple 
aubstanoesthat have been made into complex, high-molecular-weight substances. Often called a "polymer.*' 

POLYMER (POLY-mer) POLYMER 

A high-moleoular-weight substance ttiat is formed by either a natural or synthetic process. Natural polymers may be of biok)gkal 
origin or derived from starch products, oelkitose derivatives, and alignates. Synthetic polymers consist of simple substances that 
have been made into complex, high-molecular-weight substances. Often called a 'polyelectrolyte.'' 

PROTOZOA (pro-toe-ZOE-ah) PROTOZOA 
A group of rnicmscopicanirnals (usually single<»lled)th^ cotonies. 

PURGE PURGE 
To rsmove a gas or vapor from a vessel, reactor, or confined space. 
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PAS RAS 

Return Activated Sludge, wgIL Settled activated sludge that is collected in the secondary clarifier and returned to the aeration basin 
to mix with incoming raw or primary settled wastewater. 

REDUCTION (re-DUCK-shun) REDUCTION 

Reduction is the addition of hydrogen, removal of oxygen, or the addition of electrons to an element or compound. Under anaerobic 
conditions in wastewater, sulfate compounds or elemental sulfur is reduced to odor-produdng hydrogen sulfide (H2S) or the sulfide 
ion (S**^). TtHt opposite of OXIDATION. 

RETURN ACTIVATED SLUDGE <RAS) RETURN ACTIVATED SLUDGE (RAS) 

Settled activated skidge that is collected in the secondary clarifier and retumed to the aeration basin to mix with incoming raw or 
primary settled wastewater. 

RISING SLUDGE RISING SLUDGE 

Rising sludge occurs in the secondary darifiers of activated sludge plants when the sludge settles to the bottom of the clarifier, is 
compacted, and then starts to rise to the surface, usually as a result of denitrification. 

ROTIFERS (ROE-ti-fefS) ROTIFERS 
Microscopic animals characterized by short hairs on their front end. 

SECCHI DISC (SECK-key) SECCHI DISC 

A flat, white disc lowered into the water by a rope until it is just barely visible. At this point, the depth of the disc from the water 
surface is the recorded secchi disc reading. 

SEIZING SEIZING 

Seizing occurs when an engine overtieats and a component expands to the point where the engine will not run. Also called 
"freezing." 

SEPTIC (SEP-tick) SEPTIC 

This condition is produced by anaerot)ic bacteria, if severe, the wastewater tums black, gives off foul odors, contains little or no 
dissolved oxygen and creates a heavy oxygen demand. 

SHOCK LOAD SHOCK LOAD 

The arrival at a plant of a waste which is toxk: to organisms in sufficient quantity or strength to cause operating prot>lems. Possible 
problems include odors and soMs in the effluent. Organic or hydraulk: overioads can cause a shock k>ad. 

SLUDGE AGE SLUDGE AGE 

A measure of the length of time a partcte of suspended solids has been undergoing aeration in the activated sludge process. 

Skjdge Age, = Suspended Solids Under A er atkKi, lbs or kg 

Suspended SdkJs Added, Ite/day or kg/day 

SLUDGE DENSITY INDEX (SDI) SLUDGE DENSITY INDEX (SDI) 

This test is used in a way sknilar to the Sludge Volume Index (SVI) to indk:ate the settteability of a sludge in a secondary clarifier or 
effkient. SDI = 100/SVI. Also see SLUDGE VOLUME INDEX (SVI). 

SLUDGE VOLUME INDEX (SVI) SLUDGE VOLUME INDEX (SVI) 

This is a test used to indk:ate the settling ability of activated sludge (aeratkm solkis) in the secondary darifier. The test is a measure 
of the vokime of sludge compared to its weight Alk)w the sludge sample from the aeration tank to settle for 30 minutes. Then 
cak^ulate SVI by divkiing the volume (ml) of wet settled sludge by the weight {mg) of the sludge after it has been dried. Sludge with 
an SVI of one hundred or greater win not settle as readily as desirable because it is as light as or lighter than water. 

SVI = Wet Settled Sludge, ml ^ 1000 
Dried Sludge Solkjs, mg 

STABIUZED WASTE STABILIZED WASTE 

A waste that has been treated or decomposed to the extent that, if discharged or released, its rate and state of decompositkni wouM 
be such that the waste woukJ not cause a nuisance or odors. 

STEP-FEED AERATK)N STEP-FEED AERATION 

Step-feed aeratk)n is a modificatk)n of the conventional activated sludge process. In step aeratkxi, primary effluent enters the 
aeratkm tank at several points ak>ng the length of the tank, rather than all of the primary effluent entering at the beginning or head of 
the tank and Itowing through the entire tank. 
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STRIPPED GASES STRIPPED GASES 

Gases that ar^ released from a liquid by buk)bling air through the liquid or by allowing the liquid to be sprayed or tumbled over media. 

SUPERNATANT (sue*per-NAY-tent) SUPERNATANT 

Liquid removed from settiod sludge. Supernatant comnrK)nly refers to the liquid t>etween the sludge on the bottom and the scum on 
the surface of an anaerobic digester. This liquid is usually returned to the influent wet well or to the primary clarifier. 

TCX; TOC 
Total Organic CartXHi. TOC measures the amount of organic carbon in water. 

TURBIDITY METER TURBIDITY METER 

An instrument for measuring the amount of particles suspended in water. Precise measurements are made by measuring how light 
is scattetct* by the suspended particles, ^e nomial measuring range is 0 to 100 and is expressed as Nephebmetric Turt>ldrty Units 
(NTU'8). 

vOLUTE (vol-LOOT) VOLUTE 

The spiral-shaped casing which surrounds a pump, blower, or turt)ine impeller and collects the liquid or gas discharged by the 
impeller. 

WAS WAS 

Waste Activated Sludge. mg/L. The excess growth of microorganisms which must be removed from the process to keep the 
biological system in balance. 

WASTE ACTIVATED SLUDGE (WAS) WASTE ACTIVA i ZD SLUDGE (WAS) 

The excess growth of microorganisms which must be removed from the process to keep the biok)gical system in balance. 

ZOOGLEAL MASS (ZOE-glee*al) ZOOGLEAL MASS 

Jelly-like masses of bacteria found in both the trickling filter and activated sludge processes. These masses may t>e formed for or 
functkxi as the protectk>n against predators and for storage of food supplies. Also see BIOMASS. 
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CHAPTER 2. ACTIVATED SLUDGE 

Pure Oxygen Plants and Operatk)nal Control Options 
(Lesson 1 of 4 Lessons) 



NOTE: Review Volume I, Chapter 8, and Volume 11* Chapter 
11. of OPERATION OF WASTEWATER TREAT- 
MENT PLANTS for additional mfbmnation. 

2.0 THE ACTIVATED 8UIDQE PROCESS 

Research and operationai experience are gradually reveal- 
ing how the acttvaled sludge process treats wastes and how to 
coritrol the pix)oees. One ol)jective of tliis chapter is to provide 
operators wMh a better underslandbig of the factors that can 
upset an adiviMsd sludge process and how to control the pro- 
cess to produce a high quSriily eflluem. Pure oxygen system 
dmolve oxygen inio wastewater with a high effidency fb^ 
by microorganismg trpaiing ttie wastes* This alows the use of 
smaller aeratton (reactor) tanks than air activated sludge sys- 
tems. Operators need greater ski and knowledge to operate 
pure oxygen systems than conventional systems. 

Operatton of either pure oxygen or conventkNial aeratkm 
activated skidge processes is very complex. The quality of 
your plant's effkient depends on the characteristx:s of the 
pianfs tfAjent fk>ws and wastes, as weN as how the actual 
process is controlled. Two very important factors are: 

1. RETURN ACTIVATED SLUDGE (RAS) RATE, and 

2. WASTE ACTIVATED SLUDGE (WAS) RATE. 

Several methods have been devek)ped to help operators 
select the proper rates. This chapter reviews some of these 
methods a.id their advantages and Nmit&tkHis. You must re- 
member that each of these factors affects the others and the 
impact on al process variables must be conskJered before 
changing one variable. 

Some NPDES permits require the removal of ammonia from 
plant effkients. Bk)k)gical nitrifteatkxi (converting ammonhjm 
(NH4^) to nitrate {NOZ) is the most effective way to renrxsve 
ammonia unless total nitrogen removal is necessary. If total 
nitrogen removal is required, bk)k)gical nitrificatkn is the first 
step of the bk>k)gical nitrificatk)n-denitrifk»tk>n approanh to nit- 
rogsn removal. The bk)k)gical nitrifk:atk)n process is an exten- 
sk)n cf the activated shj^ process and is operated on the 
basis of the same concepts. 

Industrial wastes are becoming more common in many 
municipal wastewaters. Whettier you operate an activated 
sludge plant in a smaH town or a large dty, you must know how 
to treat the industrial wastes that may be present with your 
municipal wastewaters. Many industries pretreat iheir own 
wastewaters before discharge to rnunidpal ooNectkxi systerns 
while other industries treat al of their wastewaters rather than 
discharge inio municipal coloc t ton systems. Whether you are 
treating strictly indiistrial wastewaters or a nibcture of Industrie 
and municipal wastewaters, this chapter wM provMe you with 



the informatkxi you need to know to safely treat these different 
types of wastewaters using tne activated sludge process. 

QUESTIONS 

Write your answers in a notebook and then compare your 
answers with those on page 94. 

2.0A Why are pure oxygen systems used instead of con- 
ventk)nal aeratkxi methods? 

2.0B What treatment process can be used to remove am- 
monkm (NH4^) from wastewater, but not total nitro- 
gen? 

2.1 PURE OXYGEN 

2.10 Description of Pure Oxygen Systems 

The pure oxygen system (Rg. 2.1) is a modifkration of the 
activated sludge process (Fig. 2.2). The main difference is 
the method of supplying dissohred oxygen to the activated 
sludge process. In other activated sludge processes, air is 
compressed and released under water to produce an air- 
water INTERFACE^ that transfers oxygen into the water 
(dissolved oxygen). If compressed air is not used, surfacs 
aerators agitate the water surface to drive air into the water 
(dissolved oxygen) to obtain the oxygen transfer. In the pure 
oxygen system, the only real differences are that pure 
oxygen rather than air is released bek>w the surface or 
driven into the water t>y means of surface aerators and the 
aerators are covered. 

In the pure oxygen system, oxygen is first separated from 
the air to produce relatively high-purity oxygen (90 to 96 per- 
cent oxygen). Pure oxygen is applied to the wastewater as a 
source of oxygen for the microorganisms treating the wastes. 
As with force !-air activated skidge systems, the pure oxygen 
must be driven into the water. This is accomplished by a dif- 
fuser mechanism or by mechanical agitatkMi consisting of 
TURBULENT MIXERS^ and surface aerators. The agitators 
also supply the energy to mix the reactor (aeratkxi tank) con- 
tents to dMribute the waste food (measured as BOD or COD) 
to the activated shidge microorganisms in the mixed lk|uor 
suspended sdkJs (MLSS) and to prevent buikkip of MLSS 
deposits in the reactor. 

The pure oxygen reactors are staged (divktod into two to 
five sectk)ns by baffles as shown in the three-stage system 
on Fig. 2.3) and are completely covered to provkle a gas- 
tight enck>sure. The wastewater, return sludge, and oxygen 
are fed into the first stage. The mixed lk)uor and atnrmphere 
above it ftow in Uhe same directkxi from the first stage to the 
last. 



^ //7fsf/tes. Th$ common boundmy kefor botwoon two HukSt $uch as a gat (^r) and a Hquld (wttBr) or a Hquld (wMor) and another liquid (oU) . 
* Turbuim MIxoTB . OsWcee thtt mix tir bubbha mid wator ond cai/ss turbulonco to di$Mol^ oxygon in wotor. 
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Fig. 2. 1 Plan layout of a typical pure oxygen activated sludge plant 
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Figr. 2.2 Roiv diagram of a typical plant 
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Fig. 2.3 Schematic diagram of pure oxygen system with surface aerators 

(3 stages shown) 
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When pure oxygen is driven into the water, it behaves 
to air and the t)ubbles rise to the water surface. During thi 
to the surface, only a small portion of the oxygen is absort)ed 
into the mixed liquor. Coverfeig the reactor and sealing it from 
the outside atmosphere aVows the oxygen that is not dissolved 
into the waler (mixed liquor) to be used again. This contained 
gas over the water is stM relatively high in oxygen concentra- 
tion, the main contamination consisting of caibon dioxide gas 
given off t)y the respiration (txeattting) of the activated sludge 
microorganisms and ttie nitrogen stripped from ttie incominq 
wastewater. The number of stages and ttie rnethods of con. 
ing the liquid m>6 oxygen vary from one system to another, .n 
one type of design, the oxygen-rich gas that accumulates in 
ttie space between the mixed iquor water surface and the roof 
of ttie reador is removed, compressed, ar J recycled back to 
ttie diffuser of ttie reactor. In anottier type of dosign. surface 
aerators are used to drive ttie oxygennich gas into ttie water. 
In deep raadors (40 feet or 1 2 m). ttie surface aerator device 
may also be equipped witti an extended shaft and submerged 
impeller to keep ttie tank contents well mixed. A ttiird type of 
dMign incorpoirates botti submerged diffusers and surface 
aeration. Sorne reactors vent ttie excess oxygen ak)ng witti ttie 
catbon dioxkJe. Uncovered reactors skim ttie surface sludge 
for wasting. 

In al types of design, a valve opens automatically and ad* 
mits more pure oxygen to ttie flTBt-stage reactor whenever suf- 
fictent oxygen is removed from ttie gas space of ttie first-stage 
reackN- k> drop ttie pressure betow ttie required 1 to 4 inches (2 
to 10 cm) of water column pressure. This constantiy re- 
plenishes ttie oxygen supply and ttie pressure is suffnient to 
force gas movement ttvoujgh ttie succeeding stages. This 
pressure prevents air from leaking into ttie reactors, dihjting 
ttie oxygen concentr a tion and ponibly cresting an expk)6ive 
mixture. Oxygen leaking from a reactor can create an expk>- 
sive condition on ttie roof or around ttie reactor. Potentially 
expk)sive conditions inskle ttie reactor from a mixture of hy- 
drocartxxis and oxygen are avokJed by an automatically acti- 
vated analysis and purge system. 

In each of the succeeding stages, the gas above the mixed 
Ikfukf in that stage is reinjected into the mixed Ik^uor of ttie 
same stage (by compressor or surface aerator). As the 
oxygen-rich gas passes from one stage to the next, the 
oxygen is used by ttie activated skxJge microorganisms and 
the atmosphere becomes more and more diluted by ttie 
carbon dk>xkJe produced by tiie organisms and nitrogen 
STRIPPED^ from solution. The last stage in ttie reactor is 
equipped with a roof vent comrolled t>y a valve mechanism 
that is caHed an oxygen vent valve. This valve vents gas from 
the last stage to ttie atmosphere and is normally set to vent 
gas wtien ttie oxygen concentration drops bekm 50 percent. 
As gas is vented from ttie last stage, more pure oxygen is 
released into ttie first stage to maintain ttie desired 1 to 4 
inches (2 to 10 cm) of water column pressure. 

Two mettiods are commonly used to produce pure oxygen. 
One is ttie Pressure Swing Absorption (PSA) Oxygen Generat- 
ing System and ttie cttier is ttie CRYOGEMC^ Air Separation 
Mettiod. 



QUESTIONS 

Write your answers in a notebook and ttien compare your 
answers with those on page 94. 

2.1 A Why are the pure oxygen reactors staged? 

2.1 B How is the pure oxygen diluted as it passes from one 
stage to the next stage? 

2.11 PSA (Pressure Swing Absorption) Orygen 
Generating System (Fig. 2.4) 

The PSA Oxygen (Generating Systems are usually installed 
in smaller plants. They take air from the atmosphere and com- 
press itto30to60psi(2to4 k^sq cm) and cod ttie com- 
pressed air in a water-cooled heat exchanger called an after 
cooler. The after cooler condenses and removes ttie moisture 
from ttie air strean . Next ttie air passes ttirough an adsort)ent 
vessel filled with a molecular sieve. Under pressure, this 
molecular sieve has ttie ability to adsorb nitrogen and other 
impurities from ttie atmospheric air. thus adowing ttie remain- 
sng pure oxygen to be used in ttie reactor. While one adsortier 
vessel is separatirig air into oxygen and nftix)gen. ttie ottier two 
vessels are in various stages (rf desorption (or cleanup). The 
cleanup cyde consists of depressurizkig and PURGING^ witti 
some product oxygen. The l£»t step involves pressurizing %^ 
compressed air t>efore going back on stream. During this pro- 
cess, product oxygen is ftowing continuously to ttie activated 
shjdge plant. 

The PSA unit can be turned down to 25 percert of its rated 
oxygen ttiroughout without a signifk^ant toss of efficiency. 
Compressor and valve maintenance can be scheduled so as 
not to have more than one or two days of downtime per year by 
the use of multiple compressors. A backup tank of Ik^ukl pro- 
vkJes oxygen after evaporation to handle peak toads or 
downtime oxygen demand. The switching valves are selected 
on ttie basis of their ability to wittistand very severe conditions 
over kKig periods of time. 

2.12 Cryogenic A;r Separation Method (Fig. 2.5) 

Oxygen produced by ttie cryogenk: air separation method 
uses k>w temperature (cryogenk:) or refrigeration prindples 
to separate oxygen from air. Air is filtered, cornpressed. 
cooled to remove moisture, and then routed to the cokfl box 
or "cryo" plant tower. These towers are heavily insuiated to 
conserve energy by minimizing heat leaks or k>sses. In Fig. 
2.5 all the items contained in the dash-lined box are k)cated 
in ttie 'cryo' plant tower 

The reversing heat exchanger primarily removes caxbon 
dk)xkJe and water. This heat exchanger has two directional gas 
fk>ws: one of air going into ttie tower and ttie ottier of nitrogen 
being exhausted to ttie atmosphere. As the fk>wing air re- 
nrKyves cartxxi dtoxMe and water. k:e will fonn in ttie heat ex- 
changer and restrict ttie air fk>w ttirough ttie heat exchanger. 
After several minutes of operation, a valve is activated that 
interchanges ttie gas stream fk>ws t>y reversing ttie direction of 
fk>w. The nitrogen exhaust is routed ttirough the inlet air pas- 



* Stripped Octet. Gatet that are nieued from a Hquid by bubbling air through the liquid or by allowing the liquid to be sprayed or tumbhd 
om media. 

^ Oyogenfc (cry-o^EN-fiick). Low temperature. 

*^wge. To remo¥e a gea or vapor from a ireaaei, reactor or confined apeca. 
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F/g. 2.4 Ftow diagram of a three-bed PSA (Pressure Swing Adsorption) oxygen generating system 

{ P mm m io n d Union C«toid« Corporation) 
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i J. 2.5 Flow diagram of a cryogenic oxygen generating system 

{PiMiinlon c0 Union Cwbhto Cofpocslion) 
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nge and thaim the paitialy btockad passages. A 

dihe VMrter aiKl carton doxide leave as 

inM air Ihen travels through tto pr0vi(H« ni^^ 

until once again the ice builds up in the passage. Agatn the 

valve is activated and switches the routes of the tMo gas fk^ 

This cycle usually variee fronri five to tvventy miriutes deperidi 

on the system. The exiting pura oxygen is also heat exchanged 

againslthe inooniingair. In this case, however, the passages 

are never sa4lched. T>)is alksws the oxygen to remake 

purity (about 98 peicint pure oxygen). 

A sica gel trap abeorbs any remaining moisture that nrmy 
have gotten past the reversing heat exchanger. Trace hydro- 
carbons are also picked up by the gel trap. The dean, cold air 
is IquMed and separM into oxygen and nitrogen by frac- 
tionai dMIslion in a tM« colunm arrangement The lower hi^ 
praeeure column produces pure liquid nitrogen to use as reflux 
(flow back) in the tow pressure upper cokann. Nitn)gen. the 
moet volatfle component of air. is taken from the top of the 
upper cokaim. Pure oxygen, the less volatile component, is 
taken lirom near the bottom of the upper cokann. A 96 percent 
purity oxygen stream is sent to the activaled skxJge process 
allsr heat exchange against the incoming ak^ to recover its 
r efiigeral to n (cod ktcorriing ak). Refrigeratton to mn the pro- 
cess comes from expanding a portion of the cooled and 
cleaned inoomkig air through an ocpanston turbkie before it 
enters the upper cokjmn. 

Approxanalely three percent of the capacity of the oxygen 
plant is available as Kqiad oxygen. This KquM can be used to 
keep the stored ikfukl oxygen backup tank fult and ready to 
supply oxygen during peak k>ads or plant start-up. 

To start an AMBIEHT TEMPERA TURE^ cryogento plant pro- 
ducing oxygen without iquU oxygen requkes about three to 
Ave days. If iquki oxygen is avalaUe. a 1^ hours is al that is 
required to place the plant ki productton. The oxygen produo- 
tton rate of a plant is determmed by the oxygen demand ki the 
activaled skidge plant As less productton is required, the oxy- 
gen plant ar compressors are partialy untoaded. 

Cryogenic plants are usuaNy shut down once a year fc)r ap- 
proBdmalely Ave to seven days for nurintenance. During this 
parted the gel trape are warmed to drive off moisture and hy- 
drocarbons. By the use of multiple compressors and opera- 
ttonal mabHenance thaws, this downtime can be reduced to 
two or three days per year. During downtkne. oxygen vapor- 
ized from the badkup Rquki oxygen storage tank is used. 
Somelknes ki larger plants more than one oxygen producing 
fadity is supplied to mmmiize the use of backup lk|ukl oxygen. 

QUESTIONS 

Writeyour answers in a notebook and then compare your 
answers with those on page 94. 

2.1C What two methods are commonly used to produce 
pure oxygen? 

2.1D What does cryogenic mean? 

2.1E How often and for how tong are cryogenic plants shut 
down ftw maintenance? 



•la I' luteaa ano aysiam wouirn 

Pure oxygen systems may be used to supply oxygen to any 
of the acHvaled skJdge process modes — conventtonal. step- 
•aed, oompMe mix or contact atabMzatton. 



^MibimiiTmnp$nium(Anhbm^f, Trnnp^mm of tfm $umundlng$. 




2.14 System Start-Up 

Pure oxygen system start-up is basically much the same as 
starting conventtonal air systems. Indivklual components and 
starting procedures are usually outlined in the O&M manual or 
the manufacturer's literature. Take special care with the reac- 
tor because flow and organk: toadings must be detemitned 
prior to start-up. Overioading or underloading may cause prot>- 
lems. Careful review of design data usually provides suffk:ient 
tnformatton to initially start the system. After start-up. the sys- 
tem is "fine tuned" to prevairing conditions in the wastewater. 

2.15 Control Guidelines 

1. REACTOR VENT GAS — A mixture of unused oxygen 
(about 5 to 10 percent of the oxygen supplied), inert gases 
and cartxxi dtoxkle Is contkHjaNy discharged from the last 
stage of the reactor. The vent purity, or percentage of oxy- 
gen contamed in the mixture of gases, is an indk:alor of 
oxygen use efficiency. A kyw oxygen purity reading (25 per- 
cent or betow) indicates that sufficient oxygen is not present 
and adequate BOD rennoval may not be accompl is hed. A 
high purity readkig (50 percent or higher) indk»tes that too 
much oxygen is being wasted with the by-product gases. A 
manually controlled vent valve is adjuslod to control verl 
purity. If purity is tow. the valve couU be opened further and 
ctosed down if purity is high. ki normal operatton (after 
start-up), 'line tunkig** of thiesettkig usually is not changed 
unless there Is a drastic change m either the quantity or 
strength of the wastewater entering the plant. 

2. REACTOR GAS SPACE PRESSUf^ — Gas space pres- 
sure is set by controflkig the vent rate ki the last stage. This 
wM automattcaHy establish the pressure level throughout 
the reador. Gas pressure wW vary to some extent wkhki the 
reactor, droppkig as more oxygen is vented and riskig as 
ventkig is decreased or coneijmptton Is raduced. Pressure 
is usualy preset at two kiches (5 cm) water cokimn ki the 
first stage and the system wil automatically feed oxygen at 
the requked rates to makitaki this conditkm. However, dur- 
mg high toadkig periods, the operator can kioease oxygen 
transfer and productton by kKTsaskig the pressure set pokit 
from 2 to 4 toches (5 to 10 cm) of water cokmn. providkig 
the vent valve setting is not changed. Reief valves on the 
first and last stage of each reactor prevent over- 
pressurizatton. SknMarty. during periods of untoading. a 
vacuum release provkJed by these same va^es prevents a 
negative pressure. 

3. DISSOLVED OXYGEN — A dissolved oxygen probe is 
sometknes tocated ki the dn^erston box prior to the second- 
ary darifer or ki the last stage of the reactor. It kidtoates the 
amount of DO ki the mixed Uquor. Typical oxygen systems 
usualy operate with a DO range of 4 to 10 mg/L of dis- 
solved oxygen. If the organk: toad kicreases over an ex- 
tended period whk:h wouM tend to drop the dissolved oxy- 
gen level betow 4 mgtt.. the operator shouU ac^ust the vent 
valve to a more open positton whch wil kicrease oxygen 
productton. Above a DO of 10 mgtf.. the amourrt of oxygen 
bemg produced couM be decreased if this 4f anticipated to 
be a tong-term condition. 

By measuring and monitoring these control gukleKnes. the 
operator can establish the moet efficient trealnient method on 
ttie basis of plant perfomnance and experience. Operation of 
ttie eecondary darWers. return rates, wasttog rates and other 
control gukMnes. are nuich the same for ttie pure oxygen 
system as ttwy are for the conventtonal ak activated sludge 
system. 
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2«16 PfocMS SsfMy 

Pdlentialy exploeive or flammabte oonditk^ 
whan pure oxygen gas is mixed with any hydrocartxxi such as 
gasolne, fuel oil and lubricating oUs. In addition to nomrml 
saisty devioas found on motors, oompresaors, electrical com- 
ponents and control mech an isms, the pure oxygen system 
usee safety devices to ensure process safety when working 
with oxygen gas. Theee ssMy devices are: 

1. LE.L (LOWER EXPLOSIVE UMfT COMBUSTIBLE GAS 
DETECTOR) — Indicates potential exploeive conditions 
within the reactor, and analyzes samples ooMecled from the 
first and last stage of each train in the reador. Readings are 
nriade t>ased on al components being aniriyzed as propane. 
If a hydrocartm spiN gets through the primary treatment 
system without being diverted and causes a reading <rf 
more than 2S percent of the LE.L. an alarm win sound. The 
product valve from the oxygen s^tem wi shut down arxl 
air wl aulomaticaly be dhected to the reactor gas space to 
PURQP the systsm. The purge wl continue until normal 
readings are obtained. If the spH is so large that the LE.L 
continues to rise to the 50 percent level, in addition to an 
alami sounding, an electrical restart of the purge blower will 
occur. The mixers wH shut down to stop hydrocartxm strip- 
ping and they cannot be restarted until rsadings below the 
10 percent L.E.L. are olitained. 

No electrical woric is ever instated below ttie roof nor are 
there any metal-to-metal contact potentials present The 
mixers pass through the roof through a watsr seal. This 
elinriinates the pots* jfll for sparics and a source of ignitim 
By eliminating sources of Ignition and any chance of ignita- 
ble mixtures, the chances of an exploeion become viftua^ 
zero. To date the safsty record at activated sludge plants 
using pure oxygen has been excellent Also, having a deck 
(roof) over ttw reactor provUes a safe and easiy accessible 
place for maintenance work aixl further minimizes the 
chances of having aocidenls. 

One way to help prevent expk>sive cor)ditk>n8 from 
devetoping is to install a Lower Exptosive Limit (LE.L) 
(:k)mbustible Gas Detector in the plant hei»dwori(s. ^ 
tector shouki trigger an alarm whenever hydrocartXKis 
reach the headworia so actk)n can be taken to prevent 
hydroc a rtxm from reaching reactors containing pure oxy- 
gen. Wastewater containing hydrocartxra can be diverted 
to emergency hoUkig ponds if available. 

2. UQUID OXYGEN (STORAGE TANK) LOW TEMPERA- 
TURE ALARM — Providee an alann and shuttkywn of the 
lk)uid storage systsm in the event healed water redrcuia- 
tton within the vaporizer reaches a low temperature level. A 
temperature monitor measures temperature levels of the 
oxygen gas and if the vapor fate bek)w -10 degrees 
Fahrenheit an alarm wU sound on tfie instrument 
panel. At an indh:atk)n of -20 degrses Fahrenheit (-29*0. 
the lk|uU system wil shut down until the temperature re- 
turns to norrnal conditkM W . but must be manuaNy reset 

3. EMERGENCY TRIP SWITCH — In the event that any 
other unsafe conditton shouki arise within the compres- 
sor system. HquM oxygen system or ele ctri c a l panels, an 
emergency trip switch may be manually puted. When 
puted. the entire oxygen system shuts down and nfHJSt be 
reset manually and each major piece of equipment re- 
started. This safety switch is not commonly used. It is 
only used as a last resort If safety r/slems fail or a ma|or 
problem exists within the system which threatens the weH 



being and the safety of personnel. This switch is usually 
tocated away from a source of danger. As with any 
treatment plant, the operator must folkiw safety precau- 
ttons established by the manufacturers and design engi- 
neers. Cautton and warning signs shouki be posted in 
areas where danger is present. 

2.17 Operator Safety 

Special safety rules must be applied when operating and 
maintaining pure oxygen systems because of the unk)ue prop- 
erties of high purity oxygen. Cokl Kquki oxygen (LOX) can 
cause skin bums. Always wear rubber gtoves and protective 
ctolhing wtien taking liquid oxygen samples from cokjmns. 
This is the only tkne operators need to handle liquM oxygen. 

Pure oxygen supports arxl accelerates combustion more 
readily than air. Tfierefore. all types of hydrocaitxm and other 
flammable nriaterials nriust be kefM from mixing with ^ 
The f oltowing precauttons are intended to eliminate the poni- 
bHity of combustton and exptoskxts. 

1. Special non-hydrocart)on lubricants as specified tiy the 
nutfiufacturer shouki be used for equipment in contact with 
oxygen. 

2. Tools and equipment must be specially designed to be 
compatible for use in oxygen service. 

3. Flammable materials must be kept far away from oxygen 
systems and storage tanks. 

4. Grease and oil must be removed from tools arxl equipment 
t>y the use of a solvent such as chtoroethane. 

5. Smoking and open flames are prohibited near oxygen sys- 
tems and storage tanks. 

Lkfukl oxygen is deKvered by spedally designed trucks and 
transferred specially trained technk:ians. Therefore, the 
chances of Kqukl oxygen spite arp remote. If a Ikiukl oxygen 
spin occurs, the Hquid couM saturate a combustite material 
and this material couM ignite or exptode. Ignitton can be 
caused by hot olijecls. flames, gtowing cigarettes, em- 
bers, sparks, or impact such as might be caused by striking 
with a hammer, dropping a tool or scuffing with your heel. 
Typical combustKte materials that are dangerous whon satu- 
rated with spited NquU oxygen kKkide asphalt in Hack top 
pavements, humus in soil, oil or grease on concrete Itoors or 
pavements, artktes of ctothing. or ANY OTHER SUBSTANCE 
THAT WILL BURN IN AIR. Any equipment involving HquM oxy- 
gen shouki be constructed on a concrete pad to avoM the 
potential of soaking a Uack top suriace with KquM oxygen. 

Every possibte effort must be made to prevent the spillage of 
Uqukl oxygen. If a spiN does occur, the foUowing procedures 
must be fotewed: 

1. Ho one may set foot in any area still showing frost merits 
from an oxygen spW. 

2. The affected area must be roped off as soon as possibte. 
When rope, barricades and signs are not immediately 
avaNabte. someone must stey at the area to warn other 
persons of the hazard. 

3. Ho tank car or truck movements are attowed over an area 
still showing frost marics from an oxygen spM. 

These procedures apply to any oxygen spillage on any sur- 
face, including cement, gravel, black top. or dirt either inskle 
buiklings or outooors. NO ONE IS ALLOWED TO STEP ON 
ANY AREAS WHERE FROST MARKS EXIST FROM A SPILL. 
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^ Purge. Aamove pure oxygen from the reecton end ettempt to (Mute hydrocerbon ^eporn to bekm the exploeive limit. 
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39 TuMiniMit Ptafits 



2.1t PiMQiygMSirtltmlMntM^^ 

Maintananoe of a pure oxygen production system is spe- 
dalzed for the specific equiprnent Hovvever. ttte 
similar k> the equipnnent found in other types of activated 
sludge planls. inckidkig air compressors, valves and instru- 
ments. Manufacturers commonly aid the operator during 
start-up with training sessions and field work. A maintenance 
contract with the suppler can be used to provide the technical 
sen^ needed. As with any large scale production system, 
equipment preventive maintenance ensures proper operation 
and greater efficiency. 



QUESTIONS 

Write your answers in a notetxx>k and then compare your 
answers with those on page 94. 

2.1F What special measures are used to control pure oxy- 
gen systems? 

2.1G How can hydrocartx>ns be detected before they reach 
the reactor? 
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Please answer the discussk)n and review questions before 
continuing with Lesson 2. 



DISCUSSION AND REVIEW QUESTIONS 

(l-esson 1 of 4 Lessons) 
Chapter 2. ACTIVATED SLUDGE 



At the end of each lesson in this chapter you will find some 
discussion and review questions tfurt you should answer be- 
fore continuing. The purpose of these questions is to indicate 
to you how weH you understand the material in this lesson. 
Write the answers to these qu4 .'Stions in your notebook before 
continuing. 

1. Why does the pure oxygen process normally use covered 
reactors? 



2. How is pure oxygen separated from impurities and other 
gases in the PSA system? 

3. What safety hazards might an operator encounter when 
working around a pure oxygen system? 

4. What safety systems are found around pure oxygen sys- 
tems to protert operators and equipment? 
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CHAPTER 2. ACTIVATED SLUDGE 

(Lesson 2 of 4 Lessons) 



Activated Sludge 39 



NOTE: The next two lessons. Section 2.2, Return Activated 
Sludge, and Section 2.3. Waste Activated Sludge, are 
provided to familiarize you witti different ways to 
control Mh the pure oxygen and air activated sludge 
processes. YOU, the operator. wiH have to determine 
which ways win work best for your plant Once a 
particular procedure Is selected. EVERY OPERATOR 
ON EVERY SHIFT MUST FOLLOW THE SAME PRO- 
CEDURE. H the procedure does not produce satis- 
factory results, then new procedures must be devel- 
oped and tested for everyone to follow. 

Abbreviations used m this section include: 

1. MLSS. Mixed Liquor Suspended Solids. mg/L. 

2. MLVSS. Mixed Liquor Volatile Suspended Solids. mg/L. 

3. RAS. Return Activated Sludge. mg/L. 

4. F/M.f^ to Microorganism Ratio, lbs BOD or COD added 
per day per lb of MLVSS or kg/day per kg MLVSS. 

5. Q. Ftow. MGD or cu nrVsec. 

Z2 RETURN ACTIVATED SLUDGE 

2.20 PuipoM of ileluming Activated Sludge 

To operate the activated sludge process efficiently, a 
properly settling mixed Nquor must be achieved and main- 
tained. The mixed lk)uor suspended solids (MLSS) are 
settled in a darifier and then returned to the aeration tank as 
the Return Activated SkJdge (RAS) (Fig. 2.6). The RAS 
makes it possible for the mk:roorganisms to be in the 
treatment system k> .ger than the fkMving wastewater. For 
conventk)nal activated sludge operatkm. the RAS flow is 
generally about 20 to 40 percent of the incoming wastewater 
ftow. CHANGES IN THE ACTIVATED SLUDGE QUALITY 
WILL REQUIRE DIFFERENT RAS FLOW RATES DUE TO 
SETTLING CHARACTERISTICS OF THE SLUDGE. Table 
2.1 shows typk:al ranges of RAS ftow rates for some 
activated sludge process variattons. 

2.21 Return AcUvaled Sludge Control 

Two base approaches that can be used to control the RAS 
ftow rate are based on the foltowing: 

1. Controlling the RAS ftow rate independently from the in- 
ftoentftow; and 

2. Controlling the RAS ftow rate as a constant percentage of 
the inftoent ftow. 

Z210 CotmimH RAS Flow Rm^ ConM 

Setting the RAS at a constant ftow rate that is independent of 
the aeralton tank influent wastewater flow rate results in a 
continuously changing MLSS concentratton. The ML^ WiH be 
at a minimum during peak influent flows and at a maximum 
during tow influent flows. This occurs because the MLSS are 
flowing into the darifler at a higher rate during peak flow when 
they are being removed at a constant rate. Similarly, at 
minimum influent flow rates, t^le MLSS are returned to the 
•eratton tank at a higher rate than they are flowing into the 
darifler. The aeratton tank and the secondary dartfler must be 
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TABLE 2.1 A GUIDE TO TYPICAL RAS FLOW RATE 
PERCENTAGES* 

Typ«of ActlvMSIudp* RAS Row ftal» M NroMil of bieoiiiinf 

PraetM Winmmir Flow to Aorodon Took 





MnbiNHn 


Ktahnum 


Standard Rate 


15 


75 


CartXKiaoeous Stago of Separate 
Stage Nitrifk^tion 


15 


75 


Step-Feed Aeration 


15 


75 


Contact Stabilization 


50 


150 


Extended Aeratkxi 


50 


150 


Nitrifkatkxi State of Separate 
Stage Nitrifk»tkm 


50 


200 



•RECOMMENDED STANDARDS FOR SEWAGE WORKS (10 
STATE STANDARDS), Great Lakes-Upper Mississippi River Board 
of State Sanitary Engineers. 1978 EdMon. published by Health Edu- 
cation Service. Post Office Box 71 26. Albany. New York 1 2224. 
Price. $1.75 pkn 48< for shipping and handling charges. 



tooked at as a system in whtoh the MLSS are stored in the 
aeratton tank during minimum wastewater ftow and then trans- 
f en'ed to the darifier as the wastewater ftows initially increase. 
In essence, the darifier has a constantly changing depth of 
sludge blanket as the MLSS moves from the aeratton tank to 
the darifier and vtoe versa. The advantage of using this ap- 
proach is simpKdty, because it minimizes the amount of effort 
for control. This approach is especially effective for small 
plants with limited flexibility. 

2.211 CotMBot Porceniage RAS Flow RtM Control 

The second approadi to controNing RAS ftow rates raquiree 
a progranfHned method for maintaining a constant percentage 
of RAS ftow to the aeratton tank infkient wastewater ftow rate. 
The program may consist of an automatto ftow-measurement 
device, a program me( ^ystem, or frequent manual adjust- 
ments. The programmed method is theorettoaNy designed to 
keep the MLSS more constant through high and low flow 
periods. 

2J12 Compart9on of Both RAS Control Approocheo 

The advantages of the constant RAS ftow approach are ihe 
foltowing: 

1. Simpltoity. 

2. Maximum sdklstoading on the danfier occurs at the start of 
peak ftow pertods. 

3. Requires less operattonal time. 

The advantages of tlie constant percentage RAS ftow ap- 
proach are \ha fdtowing: 

1. Variattons in the MLSS concentratton are reduced and the 
F/M ratto varies less. 

2. The MLSS win remain in the darifier for shorter time pertods 
whtoh may reduce the possibility of denitriftoatton in the 
darifier. 
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Fig. 2. 5 Return and waste activated sludge flow diagram 
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